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(57) ABSTRACT

The present invention provides a hydrogen production pro-
cess, which is capable of producing hydrogen, which is a
clean source of energy, simply and conveniently without
using conventionally-used ammonia, with an extremely high
level of safety. In accordance with the present invention,
hydrogen is produced by substituting hydrogen for free
oxygen in mayenite (Ca,,Al,;O4,**.20°7) to obtain hydro-
gen-substituted mayenite (Ca,,Al, Oy, **.4H7) and reacting
the resultant hydrogen-substituted mayenite (Ca,,Al,q
0,4, **.4H") with water to produce hydrogen, and hydrogen
is produced by substituting hydrogen for free oxygen in
mayenite (Ca,,Al,O4,*.20%7) to obtain hydrogen-substi-
tuted mayenite (Ca,,Al,;O4,*".4H7), irradiating the resul-
tant hydrogen-substituted mayenite (Ca,,Al,O4,*.4H™)
with ultraviolet rays to obtain conductive mayenite
(Ca,,AlgO4,* .4e7), and reacting the resultant conductive
mayenite (Ca,,Al,,O4,*.4e”) with water to produce hydro-
gen.

2 Claims, 5 Drawing Sheets
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HYDROGEN PRODUCTION PROCESS

TECHNICAL FIELD

The present invention relates to a hydrogen production
process using mayenite having a specific structure.

BACKGROUND ART

In recent years, there have been many proposals to use
hydrogen as a clean source of energy. For example, fuel cell
automobiles that run on hydrogen as a fuel have been
developed. Exhaust gas from hydrogen-powered fuel cells
does not contain nitrogen oxides, particulate matters, carbon
dioxide, and the like, which exhaust gas from internal-
combustion engines contains. Thus, fuel cells draw attention
as a clean source of power that is capable of suppressing
environmental pollution and global warming.

However, hydrogen is large in volume while being stored,
and therefore means for supplying hydrogen is of a problem
in, for example, automobile fuel cells.

Patent Document 1 discloses a process of producing
hydrogen by decomposing ammonia, etc. Patent Document
1 also describes an apparatus for producing hydrogen for use
in a fuel cell having a decomposer that decomposes a
hydrogen source composed of ammonia and/or hydrazine
into nitrogen and hydrogen through a catalytic reaction, to
supply the resultant hydrogen to the fuel cell. Further, Patent
Document 2 discloses an apparatus and a process for pro-
ducing hydrogen efficiently from ammonia, which is an
improvement on the invention disclosed in Patent Document
1.

Meanwhile, miniaturizing the fuel cell per se is now in
demand. Such a miniaturized fuel cell is intended for use as
a substitute for AC-DC converters for rechargeable second-
ary batteries used in mobile phones, personal digital assis-
tants (PDAs), digital cameras, laptop computers, and the
like.

PRIOR ART DOCUMENTS

Patent Document 1: JP-A-2003-40602
Patent Document 2: JP-A-2010-241647

SUMMARY OF THE INVENTION
Problems to be Solved

Unfortunately, the conventional processes of producing
hydrogen by catalytic decomposition of ammonia as
described in Patent Documents 1 and 2, have a problem in
that handling of ammonia is extremely troublesome since
ammonia is one of specified offensive odor substances under
the Offensive Odor Control Law and is also designated as a
deleterious substance in the Poisonous and Deleterious
Substances Control Law.

An object of the present invention is to provide a hydro-
gen production e, which overcomes the problem the above-
mentioned conventional technologies face, and is capable of
producing hydrogen, which is a clean source of energy,
easily and conveniently without using ammonia, with a high
level of safety.

Another object of the present invention is to provide a
hydrogen production process, by which fuel cells per se that
use hydrogen, which is a clean source of energy, can be
miniaturized, and therefore are applicable to a fuel cell that
can be used as a substitute for AC-DC converters for
photoelectric secondary batteries used in mobile phones,
PDAs, digital cameras, laptop computers, and the like.
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The present inventors had previously filed a patent appli-
cation on an invention capable of achieving these objects
(Japanese Patent Application No. 2012-73980). The present
invention is an improvement on the prior invention.

Means for Solving the Problems

To achieve the objects described above, a hydrogen
production process of a first aspect in accordance with the
present invention is characterized by substituting hydrogen
for free oxygen in mayenite (Ca,,Al,;O4,**.2077) to obtain
hydrogen-substituted mayenite (Ca,,Al,;O4,*".4H"), and
reacting the resultant hydrogen-substituted mayenite
(Ca,,AlzO4,*.4H") with water to produce hydrogen.

A hydrogen production process of a second aspect in
accordance with the present invention is characterized by
substituting hydrogen for free oxygen in mayenite
(Ca,,Al,O4,*.207) to obtain hydrogen-substituted may-
enite (Cay,Al,zO4,* 4H"), irradiating the resultant hydro-
gen-substituted mayenite (Ca,,Al,;O4,*".4H") with ultra-
violet rays to obtain conductive mayenite (Ca,,Al,q
0,4, *.4e7), and reacting the resultant conductive mayenite
(Ca,,AlgO4,* 4e7) with water to produce hydrogen.

Advantageous Effects of the Invention

The hydrogen production process in accordance with the
present invention is capable of producing hydrogen, which
is a clean source of energy, easily and conveniently without
using ammonia. In addition, the hydrogen-substituted may-
enite and the conductive mayenite are both non-toxic pow-
dered substances, and are therefore extremely easy to handle
and have an very high level of safety.

Further, by the hydrogen production process in accor-
dance with the present invention, fuel cells per se that use
hydrogen, which is a clean source of energy, can be minia-
turized. Thus, these are applicable to fuel cells that can be
used as a substitute for AC-DC converters for rechargeable
secondary batteries used in mobile phones, PDAs, digital
cameras, laptop computers, and the like.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows X-ray diffraction results of each sample of
Examples 1 and 2, and Comparative Example 1.

FIG. 2 shows measurement results of a visible-UV reflec-
tance spectrum of the sample of Example 1.

FIG. 3 shows measurement results of a visible-UV reflec-
tance spectrum of the sample of Example 2.

FIG. 4 shows measurement results of a visible-UV reflec-
tance spectrum of the sample of Comparative Example 1.

FIG. 5 is a schematic view showing an example of
hydrogen production testing equipment in which the hydro-
gen production process in accordance with the present
invention was carried out.

MODE FOR CARRYING OUT THE INVENTION

A reaction of a first aspect in accordance with the present
invention is represented by the following reaction formula.

Carg Al AH+2H,0—Ca,y AlgOget4 1,

A reaction of a second aspect in accordance with the
present invention is represented by the following reaction
formula.

CanyAlygOg 46 +2H,0—>Can AlgOget2H,

In the first and second aspects in accordance with the
present invention, hydrogen-substituted mayenite may be
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obtained, for example, by calcining katoite in a hydrogen
atmosphere. The calcining temperature is, for example, 500
to 1500° C., more preferably 1000 to 1400° C. The calcining
time is determined as appropriate depending on the tem-
perature, which is in the range of 1 minute to 24 hours.
Katoite may be synthesized from, for example, aluminum
powder and calcium hydroxide using a known process.
Hydrogen-substituted mayenite and katoite may also be
synthesized using any process other than the above-de-
scribed one.

Reaction of hydrogen-substituted mayenite or conductive
mayenite with water is conducted preferably at a tempera-
ture in the range of 0 to 100° C. The reaction time is
determined as appropriate depending on the required amount
ot hydrogen to be produced. The reaction may be conducted
at normal pressures or may be conducted under pressure.

In the second aspect of the present invention, hydrogen-
substituted mayenite is irradiated with ultraviolet rays, pref-
erably using a low-pressure mercury lamp, with the distance
from the lamp to a sample being 1 mm to 10 cm, with the
irradiation time being 1 second to 5 hours.

EXAMPLES

Several Examples of the present invention and a Com-
parative Example to be compared to the Examples of the
present invention will be described below. However, the
present invention should not be limited to the Examples
described below.

Example 1

i) Preparation of Katoite

First, 200 ml of ion-exchanged water was put into a
reactor (separable flask) having a capacity of 1 liter. Next, 9
g of aluminum powder (trade name: #150, manufactured by
MINALCO. L'TD.) and 12 g of calcium hydroxide (manu-
factured by Wako Pure Chemical Industries [td.) were
added to the reactor, followed by stirring. After completion
of production of hydrogen gas, the ion-exchanged water was
filtered, and a solid content obtained by the filtration was
dried at a temperature of 70° C. in air. Katoite was thus
obtained.

ii) Preparation of Hydrogen-Substituted Mayenite

The resultant katoite was calcined at a temperature of
1300° C. in a hydrogen atmosphere for 2 hours to produce
hydrogen-substituted mayenite (Ca,,Al,;Og,**4H™) . A
sample of the calcined product was subjected to X-ray
diffraction measurement using an X-ray diffractometer, Mal-
tiFlex, manufactured by Rigaku Corporation and subjected
to measurement of a visible-UV reflectance spectrum using
UV3400 manufactured by Shimadzu Corporation.

The measurement results of X-ray diffraction are shown
in FIG. 1. As seen from FIG. 1, the sample showed peaks
characteristic of mayenite, thereby being confirmed to have
the structure of mayenite. FIG. 2 shows measurement results
of the visible-UV reflectance spectrum. This sample shows
a spectrum separated into three components having peaks at
positions around 200, 250, and 310 nm, respectively. Com-
pared to a sample of Comparative Example 1 described
below, it is noted that this sample has prominent peak
intensities particularly at 250 and 310 nm.
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iii) Production of Hydrogen

First, 200 ml of ion-exchanged water was put into a
reactor (separable flask) having a capacity of 1 liter in
hydrogen production testing equipment shown in FIG. 5.
Next, 9 g of hydrogen-substituted mayenite obtained by step
i1) was added to the reactor and the whole was heated with
stirring to maintain the temperature at 55° C.

Hydrogen-substituted mayenite thus reacted with water
was caused to generate a gas. The gas was passed through a
dehumidifier filled with a silica gel as a dehumidifying
agent, followed by removal of its water content. Then, the
amount of gas generated was measured with a soap-film
flowmeter. The components of the gas generated were
analyzed using a thermal conductivity detector (TCD) type
gas chromatograph (trade name: GC-8A, manufactured by
Shimadzu Corporation). This analysis revealed that the gas
generated was hydrogen. The amount of hydrogen gas
generated was 80 Nml.

Example 2

Hydrogen-substituted mayenite (Ca,, Al,,O4,*.4H7)
obtained by step ii) of Example 1 was irradiated with
ultraviolet rays to obtain conductive mayenite
(Ca,,Al,O4,* .4e7). The ultraviolet irradiation was con-
ducted using a low pressure mercury lamp, with a distance
from the lamp to a sample being 6.5 cm, with the irradiation
time being 60 minutes.

Conducive mayenite was also subjected to measurement
of X-ray diffraction and measurement of a visible-UV
reflectance spectrum in the same manner as in step ii) of
Example 1.

The measurement results of X-ray diffraction are shown
in FIG. 1. As seen from FIG. 1, the sample showed peaks
characteristic of mayenite, thereby being confirmed to have
the structure of mayenite. FIG. 3 shows measurement results
of the visible-UV reflectance spectrum. This sample shows
a spectrum separated into three components having peaks at
positions around 200, 250, and 310 nm, respectively. Com-
pared to the sample of Comparative Example 1 described
below, it is noted that this sample has prominent peak
intensities particularly at 250 and 310 nm.

The same operation as in step iii) of Example 1 was
conducted using the conductive mayenite to generate hydro-
gen gas. The amount of hydrogen gas generated was 27 Nml.

Comparative Example 1

Katoite obtained from step i) of Example 1 was calcined
at a temperature of 1300° C. in air for 2 hours to obtain
mayenite (Ca,,Al,gOg).

The resultant mayenite was also subjected to measure-
ment of X-ray diffraction and measurement of a visible-UV
reflectance spectrum in the same manner as in step ii) of
Example 1.

The measurement results of X-ray diffraction are shown
in FIG. 1. As seen from FIG. 1, the sample showed peaks
characteristic of mayenite, thereby being confirmed to have
the structure of mayenite. FI1G. 4 shows measurement results
of the visible-UV reflectance spectrum. This sample did not
show peaks at positions around 200, 250, and 310 nm,
particularly at 250 and 310 nm.

The same operation as in step iii) of Example 1 was
conducted using this conductive mayenite to generate hydro-
gen gas. The amount of hydrogen gas generated was 0 Nml.
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Table 1 below shows amounts of hydrogen generated
using mayenite of Examples 1 and 2, and Comparative
Example 1.

TABLE 1 5
Amount of Hydrogen
Sample Generated (Nml)
Example 1 80
Example 2 27 10
Comparative Example 1 0

The invention claimed is:

1. A process for producing hydrogen characterized by:
substituting hydrogen for free oxygen in mayenite 15
(Ca,,Al,O4,*.20%7) to obtain hydrogen-substituted

mayenite (Ca,,Al,O4,* " 4H™); and

reacting the resultant hydrogen-substituted mayenite
(Cas, Al Og,*.4H7) with water to produce hydrogen.

2. A process for producing hydrogen characterized by: 20

substituting hydrogen for free oxygen in mayenite
(Ca,,AlgOy,*.20%7) to obtain hydrogen-substituted
mayenite (Ca,,Al, O4,*4H7);

irradiating the resultant hydrogen-substituted mayenite
(Ca,,AlgO4,* .4H") with ultraviolet rays to obtain 25
conductive mayenite (Ca,,Al,;O4,**.4€7); and

reacting  the  resultant  conductive  mayenite
(Ca,,Al,O4,* .4e7) with water to produce hydrogen.
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